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(57) ABSTRACT 

Alaser unit in a laser shock peening apparatus for generating 
a primary laser beam along a primary beam path includes a 
pulsed free running oscillator With only a single lasing rod. 
An electro-optic sWitch external to the free running laser 
oscillator is operably disposed along the primary beam path 
to block the initial sloW rise time of the primary laser beam 
from the free running oscillator and reject energy aWay from 
the primary beam path. At least one optical transmission 
circuit is used to form at one stationary laser beam from the 
primary laser beam and direct the stationary laser beam 
toWards at least one laser shock peening target area. Adelay 
generator controllably connected to the electro-optic sWitch 
is used to reject energy aWay from the primary beam path 
along a dump path to a dump and sharpen pulses of the 
primary laser beam. 

31 Claims, 2 Drawing Sheets 
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SINGLE HEAD LASER HIGH THROUGHPUT 
LASER SHOCK PEENING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to laser shock peening and, more 
particularly, to apparatus and methods for laser shock peen 
ing laser With a single head laser. 

2. Description of Related Art 
Laser shock peening (LSP) or laser shock processing, as 

it is also referred to, is a process for producing a region of 
deep compressive residual stresses imparted by laser shock 
peening a surface area of an article. Laser shock peening 
typically uses one or more radiation pulses from high and 
loW poWer pulsed lasers to produce an intense shock Wave 
at the surface of an article similar to methods disclosed in 
US. Pat. No. 3,850,698 entitled “Altering Material Proper 
ties”; US. Pat. No. 4,401,477 entitled “Laser Shock Pro 
cessing”; and US. Pat. No. 5,131,957 entitled “Material 
Properties”. Laser shock peening, as understood in the art 
and as used herein, means utiliZing a pulsed laser beam from 
a laser beam source to produce a strong localiZed compres 
sive force on a portion of a surface by producing an 
explosive force at the impingement point of the laser beam 
by an instantaneous ablation or vaporiZation of a thin layer 
of that surface or of a coating (such as tape or paint) on that 
surface Which forms a plasma. 

Laser shock peening is being developed for many appli 
cations in the gas turbine engine ?eld, some of Which are 
disclosed in the following US. Pat. No. 5,756,965 entitled 
“On The Fly Laser Shock Peening”; US. Pat. No. 5,591,009 
entitled “Laser shock peened gas turbine engine fan blade 
edges”; US. Pat. No. 5,531,570 entitled “Distortion control 
for laser shock peened gas turbine engine compressor blade 
edges”; US. Pat. No. 5,492,447 entitled “Laser shock 
peened rotor components for turbomachinery”; US. Pat. No. 
5 ,674,329 entitled “Adhesive tape covered laser shock peen 
ing”; and US. Pat. No. 5,674,328 entitled “Dry tape covered 
laser shock peening”, all of Which are assigned to the present 
Assignee. 

High energy laser beams, from about 20 to about 50 
Joules, or loW energy laser beams, from about 3 to about 10 
Joules, have been used and other levels are contemplated. 
See, for example, US. Pat. No. 5,674,329 (Mannava et al.), 
issued Oct. 7, 1997 (LSP process using high energy lasers) 
and US. Pat. No. 5,932,120 (Mannava et al.), issued Aug. 3, 
1999 (LSP process using loW energy lasers). LoW energy 
laser beams can be produced using different laser materials 
such as neodymium doped yttrium aluminum garnet (Nd 
YAG), NdzYLF, and others. LoW energy laser shock peening 
Was developed in an effort to reduce the cost of the laser 
apparatus, reduced maintenance expenses, and reduce the 
cost of the laser shock peening process. HoWever, these laser 
machines are still more complex and expensive as compared 
to conventional laser drilling machines. Laser drilling 
machines typically have a single laser. 

It is knoWn that large laser pulses, on the order of 20 to 
50 Joules (J) per pulse With a leading edge temporal rise time 
of 5 to 15 nanoseconds and a full Width half maximum pulse 
duration of 20 to 50 nanoseconds can be generated. To create 
these large laser pulses, the laser generator becomes com 
plex and physically large, incorporating six to over a doZen 
glass laser rods or heads in order to deliver the energy 
required for LSP. These lasers are limited to generating a 
pulse every feW seconds to around 2 pulses per second. 
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2 
LoWer energy lasers that deliver pulse energies on the order 
of 5 to 10 Joules enable alternative laser technologies such 
as NdzYAG rod crystals to be used. These can deliver the 
same temporal characteristics at loWer energies but at a 
faster pulsing rate of around 10 HertZ. 

In either case, glass at 50 Joules or YAG at 5 Joules, the 
number of laser heads or rods required to generate the noted 
energies makes these systems complex, expensive, expen 
sive to maintain and have loWer availability for LSP pro 
duction. Thus, it is highly desirable to have a laser shock 
peening apparatus and method that incorporates a single 
head laser for laser shock peening (LSP). 

SUMMARY OF THE INVENTION 

A laser unit in a laser shock peening apparatus for 
generating a primary laser beam along a primary beam path 
includes a pulsed free running oscillator With only a single 
lasing rod. An electro-optic sWitch, such as a Pockels cell, 
external to the free running laser oscillator is operably 
disposed along the primary beam path to block the initial 
sloW rise time of the primary laser beam from the free 
running oscillator and sharpen pulses of the primary laser 
beam from the lasing rod. 

In the exemplary embodiment of the laser unit, the 
electro-optic sWitch rejects energy aWay from the primary 
beam path along a dump path to a dump. At least one optical 
transmission circuit is used to form at least one stationary 
laser beam from the primary laser beam and direct the 
stationary laser beam toWards at least one laser shock 
peening target area. A delay generator controllably con 
nected to the electro-optic sWitch may be used to trigger the 
electro-optic sWitch. A fast photodiode operably connected 
to the delay generator may be used for measuring an initial 
laser output pulse from the laser oscillator and triggering the 
delay generator to sWitch the Pockels cell. In a more 
particular exemplary embodiment of the laser unit, the 
poWer supply, the ?ash lamps, the lasing rod are set to ?re 
laser output pulses from the lasing rod having an energy of 
greater than 1 J, a rise time of about several hundred 
microseconds, and a pulse duration in a range of about a feW 
hundred microseconds to 1 millisecond. The Pockels cell is 
set to sharpen the primary laser beam so that it has at least 
1 Joule of energy. 

In the exemplary embodiment of the laser shock peening 
apparatus, a beam splitter is operably located after the 
electro-optic sWitch along the primary beam path for split 
ting the primary laser beam along tWo optical transmission 
circuits, Which include the one optical transmission circuit. 
The tWo optical transmission circuits are operable for form 
ing tWo stationary laser beams Which include the one 
stationary laser beam. The tWo optical transmission circuits 
direct the stationary laser beams toWards tWo laser shock 
peening target areas Which include the one laser shock 
peening target area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematical illustration of a laser shock 
peening system With a single rod laser. 

FIG. 2 is a schematical illustration of the laser and optics 
of the laser shock peening system illustrated in FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Illustrated in FIG. 1 is a shock peening apparatus 10 for 
laser shock peening an article or Workpiece illustrated by a 
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gas turbine engine blade 8 mounted in a multi-axis computer 
numerically controlled (CNC) manipulator 127. Stationary 
laser beams 2 are directed toWards target areas 42. The laser 
shock peening apparatus 10, illustrated in FIG. 1, includes a 
laser unit 31 having an oscillator 33. A controller 24 may be 
used to modulate and ?re the laser beam apparatus to ?re the 
laser beam 2 on coated laser shock peening surface 55 in a 
controlled manner and control the operation and movement 
of the manipulator 127. 

The laser unit 31 is more particularly illustrated in FIG. 2. 
The oscillator 33 in the laser unit 31 has only a single lasing 
rod 36. The exemplary oscillator 33 is a conventional pulsed 
YAG free running oscillator. An example of such an oscil 
lator is a Convergent-Prima P50 as Well as other YAG lasers 
primarily manufactured for drilling. These lasers generate 
betWeen 1 and 50 Joules, at 1 to over 100 HZ, at pulse Widths 
from a feW hundred microseconds to over 1 millisecond. 
They are commercially available from several vendors such 
as Trumpf, Ro?n Sinar, Lasag, and JK. The laser may be 
operated With the parameters combined in many Ways With 
the average poWer (e.g. rep rate><energy/pulse) less than 500 
Watts and typically less than 200 Watts. The leading edge 
rise time of a free running oscillator is on the order of several 
hundred microseconds Which is too sloW to create the blast 
and acoustic Waves for laser shock peening. 
An electro-optic sWitch or Pockels cell 64 external to the 

free running laser oscillator 33 is used to block the initial 
sloW rise time of a primary laser beam 34 of the free running 
oscillator, rejecting the energy aWay from a primary beam 
path 66. At a predesignated time, the Pockels cell state is 
transformed to an “on” condition and the remainder of the 
output pulse travels through the Pockels cell and through the 
optics 35 Where it is focused onto the laser shock peening 
surfaces 55 of the article being laser shock peened. Other 
lasing media may be used such as NdzYtrbium, the medium 
apparently not being critical other than being able to gen 
erate 1 to 50 Joules at a frequency of 10 HZ or higher (for 
speed in processing). 

The free running YAG laser oscillator 33 is pumped by a 
pair of ?ash lamps 70 Which actuate the lasing rod 36 and 
Which are driven by a poWer supply 72 at a frequency of 
about 10 HZ or higher. A laser output pulse 74 from the 
lasing rod 36 of the free running YAG laser oscillator 33 has 
an energy of greater than 1 J, With a rise time of several 
hundred microseconds and a pulse duration of a feW hundred 
microseconds to 1 millisecond as illustrated by a ?rst energy 
rise graph 80 in FIG. 2, shoWn in Joules vs time (J vs T). The 
output pulse 74 is delivered to a Pockels cell 64 Which is 
initially off. In the off condition, the Pockels cell 64 absorbs 
and/or rejects all of the energy from of the output pulse 74 
from the free running YAG laser oscillator 33 along a dump 
path 89 Which is not aligned With the primary beam path 66 
into a dump 88. The primary beam path 66 is at an acute 
dump angle 91 to the dump path 89. Rejected energy 78 
from the Pockels is represented graphically in Joules vs time 
in rejected energy graph 84. 

After an initial one of the output pulses 74 is rejected into 
the dump 88, the Pockels cell 64 is turned on in a short 
period of time (typically less than 5 nanoseconds) and a 
sharpened pulse 76 is formed, as illustrated by a second 
energy rise graph 82 in FIG. 2., in the primary laser beam 34 
Which then travels doWn the primary beam path 66. At this 
point, the primary laser beam 34 has at least 1 Joule (less 
than 1 Joule being rejected off the front temporal end of the 
laser pulse) and is delivered through the beam optical 
transmission circuits 43 including focusing lenses 90 to the 
laser shock peening surfaces 55 Where it impacts the sur 
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4 
faces creating a blast Wave and acoustic compression Wave 
for the laser shock peening process. 
The timing of the Pockels cell 64 relative to the laser pulse 

?ring is important. The free running oscillator may not be 
suf?ciently accurate in repetition rate to trigger the Pockels 
cell 64 by pulsing of the poWer supply 72 and a delay 
generator 103 controllably connected to the Pockels cell 64 
may be used to trigger the Pockels cell 64. Afast photodiode 
104 may be used to accurately measure the initial laser pulse 
at the laser output and trigger the delay generator 103 to 
sWitch the Pockels cell 64 at a predetermined and repeatable 
delay to accurately create a fast laser shock peening pulse 
leading edge rise time. 
A beam splitter 49 feeds the primary laser beam into tWo 

beam optical transmission circuits 43 used to form the 
stationary laser beams 2. Each of the beam optical trans 
mission circuits 43 includes optics 35 to direct the stationary 
laser beams 2 toWards target areas 42. The optics 35 include 
optical elements, including the lens 90, that transmit and 
focus the laser beam 2 on laser shock peening surfaces 55. 

Laser shock peening surfaces 55, located in the target 
areas 42, are illustrated on pressure and suction sides 46 and 
48, respectively, of a leading edge LE of the blade 8. The 
laser shock peening surfaces 55 are coated With an ablative 
coating 57 such as paint or adhesive tape to form coated 
surfaces as disclosed in US. Pat. Nos. 5,674,329 and 
5,674,328. The coating 57 provides an ablative medium over 
Which a clear containment medium is placed, such as a ?uid 
curtain such as a curtain of ?oWing Water 21. During laser 
shock peening, the blade 8 is moved While the stationary 
laser beams 2 are ?red through curtains of ?oWing Water 21, 
dispensed by Water noZZles 19, on the laser shock peening 
surfaces 55. The laser shock peening process is typically 
used to form overlapping laser shock peened circular spots 
58 on laser shock peened surfaces 54. 

Laser beam shock induced deep compressive residual 
stresses are formed in compressive pre-stressed regions 56. 
The compressive residual stresses are generally about 
50—150 KPSI (Kilo Pounds per Square Inch) and extend 
from the laser shock peened surfaces 54 to a depth of about 
20—50 mils into the pre-stressed regions continuously. The 
laser beam shock induced deep compressive residual 
stresses are produced by repetitively ?ring the laser beams 
2 Which are typically defocused plus or minus a feW hundred 
mils With respect to the laser shock peening surface 55. 
The laser beams 2 rapidly ablate the coating 57 generating 

plasma Which results in shock Waves on the surface of the 
material. Other ablative materials may be used to coat the 
surface as suitable alternatives to paint. These coating mate 
rials include metallic foil or adhesive plastic tape as dis 
closed in US. Pat. Nos. 5,674,329 and 5,674,328. The 
articles material may also be ablated if no ablative coating 
57 is used. These shock Waves are redirected toWards the 
coated surfaces by the curtain of ?oWing Water 21 to 
generate travelling shock Waves (pressure Waves) in the 
material beloW the coated surfaces. The amplitude and 
quantity of these shockWaves determine the depth and 
intensity of compressive stresses. The ablative coating 57 is 
used to protect the target surface and also to generate 
plasma. 

While there have been described herein What are consid 
ered to be preferred and exemplary embodiments of the 
present invention, other modi?cations of the invention shall 
be apparent to those skilled in the art from the teachings 
herein and, it is therefore, desired to be secured in the 
appended claims all such modi?cations as fall Within the 
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true spirit and scope of the invention. Accordingly, What is 
desired to be secured by Letters Patent of the United States 
is the invention as de?ned and differentiated in the following 
claims. 
What is claimed is: 
1. A laser shock peening apparatus comprising: 
a laser unit for generating a primary laser beam along a 

primary beam path, 
the laser unit including a pulsed free running oscillator 

With only a single lasing rod, 
an electro-optic sWitch external to the free running laser 

oscillator and operably disposed along the primary 
beam path of the primary laser beam to block the initial 
sloW rise time of the primary laser beam from the free 
running oscillator and reject energy aWay from the 
primary beam path, and 

at least one optical transmission circuit for forming at one 
stationary laser beam from the primary laser beam and 
directing the one stationary laser beam toWards at least 
one laser shock peening target area. 

2. An apparatus as claimed in claim 1 further comprising 
a dump path from the electro-optic sWitch to a dump and 
along Which the energy is rejected aWay from the primary 
beam path. 

3. An apparatus as claimed in claim 2 further comprising 
a delay generator controllably connected to the electro-optic 
sWitch for triggering the electro-optic sWitch. 

4. An apparatus as claimed in claim 1 Wherein the 
electro-optic sWitch is a Pockels cell. 

5. An apparatus as claimed in claim 4 further comprising 
a dump path from the electro-optic sWitch to a dump and 
along Which the energy is rejected aWay from the primary 
beam path. 

6. An apparatus as claimed in claim 5 further comprising 
a delay generator controllably connected to the Pockels cell 
for triggering the Pockels cell. 

7. An apparatus as claimed in claim 6 further comprising 
a fast photodiode operably disposed in the laser unit for 
measuring an initial laser output pulse from the laser oscil 
lator and operably connected to the delay generator for 
triggering the delay generator to sWitch the Pockels cell. 

8. An apparatus as claimed in claim 7 further comprising 
a ?uid noZZle directed toWards the laser shock peening area. 

9. An apparatus as claimed in claim 7 further comprising: 
a beam splitter operably located after the electro-optic 

sWitch along the primary beam path for splitting the 
primary laser beam along tWo optical transmission 
circuits Which include the one optical transmission 
circuit, 

the tWo optical transmission circuits operable for forming 
tWo stationary laser beams Which include the one 
stationary laser beam, and 

the tWo optical transmission circuits further operable for 
the directing the stationary laser beams toWards tWo 
laser shock peening target areas Which include the one 
laser shock peening target area. 

10. An apparatus as claimed in claim 7 further comprising 
a ?uid noZZle directed toWards each of the laser shock 
peening areas. 

11. An apparatus as claimed in claim 1 further comprising 
a ?uid noZZle directed toWards the laser shock peening area. 

12. An apparatus as claimed in claim 11 further compris 
ing a dump path from the electro-optic sWitch to a dump and 
along Which the energy is rejected aWay from the primary 
beam path. 

13. An apparatus as claimed in claim 11 Wherein the 
electro-optic sWitch is a Pockels cell. 
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14. An apparatus as claimed in claim 13 further compris 

ing a dump path from the Pockels cell to a dump and along 
Which the energy is rejected aWay from the primary beam 
path. 

15. An apparatus as claimed in claim 14 further compris 
ing a delay generator controllably connected to the Pockels 
cell for triggering the Pockels cell. 

16. An apparatus as claimed in claim 15 further compris 
ing a delay generator controllably connected to the Pockels 
cell for triggering the Pockels cell. 

17. An apparatus as claimed in claim 16 further compris 
ing a fast photodiode operably disposed in the laser unit for 
measuring an initial laser output pulse from the laser oscil 
lator and operably connected to the delay generator for 
triggering the delay generator to sWitch the Pockels cell. 

18. An apparatus as claimed in claim 1 further compris 
ing: 

at least one ?ash lamp operably disposed for actuating the 
lasing rod, 

a poWer supply drivably connected to the ?ash lamp, and 
the poWer supply set to poWer the ?ash lamp at a 

frequency of about 10 HZ or higher. 
19. An apparatus as claimed in claim 1 further compris 

ing: 
at least one pair of ?ash lamps operably disposed for 

actuating the lasing rod, 
a poWer supply drivably connected to the ?ash lamps, and 
the poWer supply set to poWer the ?ash lamp at a 

frequency of about 10 HZ or higher. 
20. An apparatus as claimed in claim 19 Wherein the 

electro-optic sWitch is a Pockels cell. 
21. An apparatus as claimed in claim 20 further compris 

ing a dump path from the electro-optic sWitch to a dump and 
along Which the energy is rejected aWay from the primary 
beam path. 

22. An apparatus as claimed in claim 21 further compris 
ing a delay generator controllably connected to the Pockels 
cell for triggering the Pockels cell. 

23. An apparatus as claimed in claim 22 further compris 
ing a fast photodiode operably disposed in the laser unit for 
measuring an initial laser output pulse from the laser oscil 
lator and operably connected to the delay generator for 
triggering the delay generator to sWitch the Pockels cell. 

24. An apparatus as claimed in claim 23 further compris 
ing: 

a beam splitter operably located after the electro-optic 
sWitch along the primary beam path for splitting the 
primary laser beam along tWo optical transmission 
circuits Which include the one optical transmission 
circuit, 

the tWo optical transmission circuits operable for forming 
tWo stationary laser beams Which include the one 
stationary laser beam, and 

the tWo optical transmission circuits further operable for 
the directing the stationary laser beams toWards tWo 
laser shock peening target areas Which include the one 
laser shock peening target area. 

25. An apparatus as claimed in claim 24 further compris 
ing a ?uid noZZle directed toWards each of the laser shock 
peening areas. 

26. An apparatus as claimed in claim 20 further compris 
ing: 

the poWer supply, the ?ash lamps, the lasing rod set to ?re 
laser output pulses from the lasing rod having an energy 
of greater than 1], a rise time of about several hundred 
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microseconds, and a pulse duration in a range of about 
a feW hundred microseconds to 1 millisecond, and 

the Pockels cell set to sharpen the primary laser beam so 
that it has at least 1 Joule of energy. 

27. An apparatus as claimed in claim 26 further compris 
ing a dump path from the electro-optic sWitch to a dump and 
along Which the energy is rejected aWay from the primary 
beam path. 

28. An apparatus as claimed in claim 27 further compris 
ing a delay generator controllably connected to the Pockels 
cell for triggering the Pockels cell. 

29. An apparatus as claimed in claim 28 further compris 
ing a fast photodiode operably disposed in the laser unit for 
measuring an initial laser output pulse from the laser oscil 
lator and operably connected to the delay generator for 
triggering the delay generator to sWitch the Pockels cell. 

30. An apparatus as claimed in claim 29 further compris 
mg: 

8 
a beam splitter operably located after the electro-optic 

sWitch along the primary beam path for splitting the 
primary laser beam along tWo optical transmission 
circuits Which include the one optical transmission 

circuit, 
the tWo optical transmission circuits operable for forming 

tWo stationary laser beams Which include the one 
stationary laser beam, and 

the tWo optical transmission circuits further operable for 
the directing the stationary laser beams toWards tWo 
laser shock peening target areas Which include the one 
laser shock peening target area. 

31. An apparatus as claimed in claim 30 further compris 
15 ing a ?uid noZZle directed toWards each of the laser shock 

peening areas. 


